The process adopted in the experimental study is replicated in the simulation Part.
Introduction
One of the very promising renewable energy technologies that have great versatility in providing combined heat and power, architectural image, and aesthetics 1 is building integrated photovoltaic (BIPV). BIPV/thermal, 2 on the contrary, is where the PV modules are equipped with such additions not only to generate electricity but also to make use of the accumulated heat from PV as a source for air or water heating, which otherwise may cause the reduction of PV efficiency and deteriorate the structure of the modules.
Many researches have been conducted to determine energy and heat balance in PV wall-mounted façades. Yang et al. 3 studied thermal and electrical behavior using governing equations, practical experimentation, and computational fluid dynamics (CFD) simulation. They concluded that PV panel temperature could be reduced by 15°C
and PV efficiency could be increased by 8%.
Sandberg and Moshfegh 4 have undertaken experimental 5 and theoretical 6 investigations on ventilated solar roof and façade airflow and heat transfer with varying duct widths. They concluded that the relationship between the total heat 3 input (q) and the flow rate (Q) in the air gap is a power law relation (Q~qγ), where γ is equal to 1/2 in laminar flow and 1/3 in turbulent flow. In their study, they varied the duct width from 10 to 90 cm in an attempt to establish a relationship with air velocity.
Peng et al. 2013 7 have investigated the thermal performance of a PV wall in a multilayer façade in Hong Kong. Their investigation centered on the thermal, electrical, and heat transfer benefits of a PV wall compared to a conventional façade.
Recently, Dupré and Vaillon 8 tried to quantify by simulation the potential of reducing internal heat source for PV cells as a function of photon electricity generation, cell thickness, and cell heat exchange to its boundary condition. They concluded that increasing cell thickness can improve both optical and electrical performance simultaneously reducing heat as well. Therefore, current and future cells can be designed with this in mind.
Taoma et al. 9 provided a review of an up-to-date research on the passive and active cooling mechanisms for PV modules. They also investigated a phase-change cooling mechanism with some possibilities, but much research is needed for its development.
Parham et al. 10 investigated a BIPV model with a cavity behind the PV under simulated atmosphere with a solar simulator placed inside a wind tunnel. Their focus was on the wind flow around and inside the cavity and its effect of flow nature and characteristics, besides varying the cavity configuration to improve the durability of the system by reducing the ingress of moisture through weak points and interconnections of the PV panels. 4 Tonui and Tripanagnostopoulos 11 used a prototype system with commercial pc-Si PV modules over air ducts attached behind them in real outdoor testing under clear-sky conditions. They tried to investigate several metal-plate configurations in the duct, which can help to reduce the temperature of the PV modules and to improve the electrical power output besides increasing heat production. They produced a simulation to the heat exchange in Fortran90 and validated it with their experiment.
An agreement was found between experimental and simulated models. Their intention was to create a more conducive design of the duct to extract the heat from the PV at low costs. This same approach has been adopted in this research without using additional materials but only inexpensive insulation materials. Delisle and KummertSolar 14 have undertaken a comparison study between a BIPV/T system and a PV system, that is, a solar thermal system in isolation from each other operationally (PV+T system). They devised a system called useful thermal energy extracted from each system as a measure for the comparison. They concluded that BIPV/T could be 10% more useful than the traditional PV+T system in summer scenarios. Nevertheless, generally, one has to weigh the cost of the design and the extracted heat and electricity in favor of simple low-cost design and construction for high value energy return. between a PV panel and glass wall of PV/T curtain wall on the thermal and electrical efficiencies. They concluded that, for a given air gap, increasing the air velocity increased the PV electrical efficiency. For larger air gaps, the increase in PV efficiency was larger.
This article addresses the lack of a more enhanced yet inexpensive systematic approach of PV integration into building facades, in terms of architecturally, power efficiency, heat recovery, and ventilation strategy. This is done through assessing a ducted PV unit system that is designed to allow the PV module to release its heat from its back into adjoining air within an insulated duct. This helps to accumulate half of the heat from the PV module, as the other half is released from the front. Heated air in the duct can be used as preheated ventilation in winter and may be used in suitable designs to enhance air circulation in summer. Heated air utilization may further be investigated in a future research. One of the factors influenced the choice of the duct shape and size is to enable multiple ducted units to be stacked-up on top of each other. This would boost the Buoyancy effect and increase the resulting velocity as explained by (Elbakheit 2008 ) 18 . Such an application would be suited more for high rise buildings. In addition, when ducted PV units are placed side by side, the sides of the ducts would still be insulated to avoid any lateral heat convection transfer. Lateral convections resulting from durinal (i.e., day and night heat cycle), which could affect the bouncy mechanism and slow down its velocity. Subsequently reduce the cooling effect.
System Description
Apart from the introduction of a ducted Photovoltaic units in new buildings, it can also be retrofitted to existing building facades provided that enough exposure to solar radiation is present. Some guidance into retrofitting these ducted PV units could be found in (Barbaresi et al. 2017) 17 
Results

General Results
The results of the test are illustrated in Fig. 3 , which were found when operating the PV panel under the prescribed light and duct width from 5 to 50 cm each at a time. Consequently, the recorded T between duct inlet and outlet increased from 5.47°C to 12.32°C, which depict some of the temperature reduced from the cells. Furthermore, the mean cell temperature was also reduced from 78°C to 73°C. The Base case with the back of the PV panel resting on the insulation panel (i.e., duct width is zero) was recorded at 100°C for cell temperature, which is 27% cooling effect by the duct. 
Airflow
Airflow measurements for the outlets of ducts are shown in Fig. 4 . Air velocity at the outlets of ducts range from 0.2 m/s at duct width of 50 cm to 0.5 m/s at duct width of 10 cm, which is the peak air velocity. Duct width of 5 cm has a slightly lower air velocity than duct width of 10 cm. When calculating the total cooling effect by multiplying the airflow rate through the duct with T, we found that duct width of 45 cm has the highest cooling potential with 422 W. Therefore, duct width of 45 cm is the optimum duct width for cooling the PV panel as well as the highest rejected heat quantity from the back of the PV module.
Discussion
This particular result of having the maximum cooling capacity at a duct position that is somewhere between the total range of duct width available can be attributed to the nature of flow behind the duct. This very fact necessitates optimizing the position of the duct. The experimental set-up investigated in this study falls within the scope of Nusselt, Prantel , Rayleigh and Grashof 18 numbers for vertical flat plate under natural convection inside rectangular and square ducts. Grashof number alone represents a ratio of buoyancy to viscous forces, which is more applicable to fee stream convection form outside of the PV panel.
where g is gravitational acceleration,  is thermal expansion coefficient, T is temperature difference (i.e., source temperature-quiescent temperature), d is characteristic length (i.e., length of panel), and  is kinematic viscosity.
The results of calculating Nusslet, Grashof, Prantel and Raleigh numbers are shown in table 2. 
Energy Output
The measured electricity output from the PV module under a rheostat resistance was 66.61 W, with efficiency of 7.12%. This was the maximum power obtained under the experiment conditions. This generated electricity is less than that stipulated by the manufacturer values at standard test conditions, which states 3. 
where G is the total solar radiation absorbed by the PV module, E is the electricity generation rate from the PV module, Tp is PV module temperature, Te is environmental temperature, Ta is the average air temperature in the air duct, ho is the total heat transfer coefficient on the outside surface of the PV panels, and hi is the total heat transfer coefficient on the inside surface of the PV panels.
The main influencing factor on the PV performance here is the heat flux. If we assume that half of the abosorbed heat will be flux into the duct this would be about 328.85W.
Efficiency of the Ducted PV System
According to Table 1 , the power output of the PV module is affected by 0.47%/°C. This means that the ducted system enhanced module efficiency by 12.69% considering the fact that it reduced the PV temperature by 27°C from 100°C to 73°C. As opposed to fixing the PV directly onto building fabric. The maximum calculated heat recovered from the ducted PV system is of heat recovered and power enhanced by the ducted system is 46.1%.
Merits of Ducted System
The ducted PV system provides an effective means to integrate PV panels into buildings.
Besides the proven cooling effect for the PV modules, it can save buildings from excessive heat gain/loss, enhance ventilation strategy, and provide further safety from hazardous materials in PV modules in case of emergency or fire.
Ducted PV systems 19 when used in tall buildings can provide further enhancement to the velocity owing to buoyancy because of the term
where H is the height of the duct. On the contrary, the inclined ducted PV system benefits from the buoyancy forces (gravitational acceleration) only by a factor of the cosine of the inclination angle.
Conclusion
Although T graph results and mean cell temperature show a plausible cooling effect for the studied ducted PV system at duct width of approximately 10-15 cm, which is line with similar previous research in the literature (i.e., Gan 12, 13 ), more cooling can still be harvested from deeper ducts such as with duct widths of 40, 45, and 50 cm, which is from the increase in mass flow rate in larger ducts. This conclusion is also in line with the conclusions of Hailu and Fung. 16 This would also reinforce the possibility of reusing such flows into the ventilation of buildings.
The ducted system enhanced module efficiency by 12.69% by reducing PV temperature by 27°C from 100°C to 73°C as opposed to fixing the PV directly onto building fabric. The maximum calculated heat recovered from the ducted PV system is 529W. This is 47.98% from the incident radiation in the test. Total summation of heat recovered and power enhanced by the ducted system is 61.67%.
